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• '·1.57 Frequeney tolennee,
St.ationa In this service ahall main

tain the carrier frequency of each au
thorized transmitter to 1A'lthin the fol
lowing percentage of the assigned fre
quency:

(sees. 4.303,307,48 Stat., u amended. 1066.
1012. 1083 (47 U.S.C. 154. 303. 307); lees. 4(1),
301 and 303(r), Federal Communications Act
of 1934, U amended, 47 U.S.C. 4(1). 301 and
303(r»

[40 FR 53397. Nov. 18, 1975)
EDITORIAL Non:: For F'EDOAL REGISTER ci

tations atfeetinl I 94.67 see the Lilt of CFR
Sections Affected in the Flndlnl Aids lee·
tion of this volume.

• U.69 Types of emission.
Stations in this service will be au

thorized any type of emission. method

'Transrn,na,. aull\orlzacl prior 10 January 1. 1981 al
ramole ",a. II part 01 I cen,r.1 protecllon allrm sy.tam are
parmlneo I tolerancl 01 002... Such stalton. may conllnue
10 operala a. Ioc:anlacl unltl January 1, 1191

, "or e.caploons _ '''.110.
'To be speclflld 1ft IlI1IlonZllIOn.
• For potnl·tO·llO"'t .YSlarn•. With I chlnnal ll'eller than or

equal 1050kHz banclWOCll11,0005; lor multople Iddr...
ma.,er .lal1Ona, rlOlrCl.... Of banClwodlh,00015: for multIple
.ClClr... ramOla .tallOn. w,th '25kHZ blnClw,Cl1h•. 00015.
for mun,pla aClor... remote ....,on. WIth channell ll'aallr
tnan 12.5 kHz banclwOCllh.0005.

I For excaptlOn. _'94.91.
• exosI'ng type acceplld lQUoprnanl WIth a frequency lOIer·

._ of =003% mey be markl1acl until oecamber 1, 1188
EQIlIPfI'lIn, "","11eCl anCl eparI1acl pnor to oecarnbar I, 1188
may contInua to oper.ta attar th.t data with • m'IlImum
frequency tOlar.nce 01 :0.03%~...... replacament
01~ rlQlllf" that ..... =0.003% toleranca be mat

'Dogltal Tarmlnl1lOn Systam tranamina.. mur.1 m.,ntaln
frequency loter.nc.. ., accorCl WIth § 94.' 9' In th,. banCl

• For rarnota ltaltonl WIth 12.5 kHz banclWod1ll...... 10lar·
ance_ :1:.00015.

128·929 '00005
132-8325...1-..15.... . 0.00015
132.!-935. "1.5-94. 0.00025
152-geO . . (' )('1
1,150 to 1.1110 0002
2.130 to 2.150. 0.001
2.1~ to 2.160 . 0.001
2.180 10 2.200 0.001
2.•50 to 2.500 0001
8••25 to 8.525 0005
1.525 to 1.875... 0.005
10.550 to 10.180 • 0.0003
12.200'013.150 '0.005
13.200 1013.250... 0.03
17.700 '0 18.820 . ' 0003
18.820 '0 18.920 0001
18.120 to 19.700 ' 0.003
21.200 '0 23.600 • 003
31.000'031.300 003
31.300 '0 .0.000 .. . 003 Ma"mum aUlhor,zed

banclWod1llFrequency band ~HZ

, Tha ma"mum banClwlll1rl tha, w,lI be autl1orozacl lor IICII
partICular frequency ,n !hoi band ,. ClIII,IICl ,n tha appropriala
frequency tallle In I 94.65.

'1250 kHZ. 1675 kHz. or 2500 kHZ on a eaaa-lIy-c...
ba....

, To be specotold ,n .uthorIZ"lOn
• For ..capltonl _'''91.
I A '2 5 tIlI/1Clwod1tI app'- only to lrequanc... h.tacl

I 9. 65(8)(').

of modulation. and transmission char
acteristic. consistent with efficient use
of the spectrum and good engineering
practice. except that Type B. damped·
wave emission will not be authorized.
[48 FR 32586. July 18. 1983]

• 9·1.71 Emission and bandwidth Iimita
tiona.

(a) Each authorization Issued to a
station operating In this servIce will
show, as a prefix to the emission clas
sification, a figure specifying the nec
essary bandwidth.

(b) The maximum bandwidth which
will be authorized per frequency u
signed Is set out In the table which fol
lows. Reeardless of the maximum au
thorized bandwidth specified for each
frequency band. the Commission re
serves the rieht to issue a license for
less

800 kHz
..25-6525................. .. 25
1525-1875 MHz 5 or '0 MHz'
10.550-10.180.... . .. 5
12.200 to 12,700 10 or 20 '
13.200 to 13.250 25
17.700 to 18.1.0 80
IS.I.Oto 1•.1.2 2
1'.1.2 to 1'.580 6
18.580 to 18.820 20
1'.820 to 18.120 ... 10
18.120 to 19,160..... 20
11.160 10 19.260.... 10
11.260 to 19.700 ..... 80
21.200-23.600 104Hz ........ up'O 100 MHz"
31.000 to 31.300 .. 25 or 50 MHz
38.10040.000 MHz ... up to 50 MHz
Band. Illo\II .0.000 MHz'

Toteranca..
percenl
.01

.taIgned
frequency

FreqlAflCy band (MHz)
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(c) The mean power of emissions
shall be attenuated below the mean
output power of the transmitter In ac
cordance with the followmc schedule:

(1) When using transmissions other
than those emplo)'ml dicltal modula
tion techniques:

(j) On any frequency removed from
the asslened frequenc)' by more than
&0 percent up to and includine 100 per·
cent of the authorized bandwidth. at
least 25 decibels:

<ii) On any frequency removed from
the assicned frequenc)' b)' more than
100 percent up to and includinc 250
percent of the authorized bandwidth.
at least 35 decibels:

(111) On any frequency removed from
the assicned frequenc)' b)' more than
250 percent of the authorized band
width at least 43 plus 10 log.o (mean
output power in watts) decibels or 80
decibels, "..hichever is the lesser at
tenuation.

(iv> On any frequency above 40.000
MHz the carrier harmonics of any sys
tems operating under the provisions of
§ 94.91 shall be attenuated at least 33
plus 10 log 10 <m~an output power in
watts> decibels.

(2) When using transmissions em
ploying digital modulation techniques:

(j) Except as noted m para.iTaph
<c)(3) of this section. for operating fre
quencies below 15 GHz. in any 4 kHz
band. the center frequency of which Is
removed from the asslcned frequency
by more than 50 percent up to and In
cludlne 250 percent of the authorized
bandwidth: As specified by the follow·
ing equation but In no event less than
50 decibels: A=35+0.8(P-50>+ 10
10ilcB. (Attenuation iTeater than 80
decibels is not required.)
Where:
A-attenuation <in decibels) belol/,' the mean

output power level
P-percent removed from the carrier free

quency
B-authorized bandwidth in MHz.

(Ii) For operatinc frequencies above
15 GHz, in any 1 MHz band, the center
frequency of which is remclVed from
the assicned frequency bj' more than
50 percent up to and including 250 per·
cent of the authorized band",'ldth: As

specified by the following equation
but in no event less than 11 decibels:
A-1l+0.4(P-50>+10 10i,.B. (Attenu
ation greater than 56 decibels is not
required.)

(ill> In any 4 kHz band, the center
frequency of which is removed from
the asalcned frequency by more than
250 percent of the authorized band·
width: At least 43 plus 10 log,.(mean
output power In watts> decibels, or 80
decibels. whichever is the lesser at
tenuation.

(iv) On anj' frequency above 40,000
MHz the carrier harmonics of any sys·
tems operatin, under the pro\'isions of
194,91 .hall be attenuated at least 33
plus 10 10' 10 (mean output power in
""atts) decibels.

(3) When using transmissions em
ployine dirital modulation techniques
on the 900 MHz multiple address fre
quencies with a 12.5 kHz bandwidth.
the power of any emission shall be at·
tenuated below the ur,modulated car
rier power of the transmitter (P) in ac
cordance with the following schedule:

(j) On any frequency removed from
the center of the authorized band·
width bj' a displacement frequency (fd
in kHz) of more than 2.5 kHz up to
and including 6.25 kHz: At least 53
loglo (f$/2.5) decibels:

(II> On any frequency removed from
the center of the authorized band·
width by a displacement frequency (f.
in kHz> of more than 6,25 kHz up to
and including 9.5 kHz: At least 103
101.0 (f./3.9) decibels:

(111) On any frequency removed from
the center of the authorized band·
width by a displacement frequency (f.
in kHz> of more than 9.5 kHz up to
and includine 15 kHz: At least 157 log,o
(f./5.3) decibels:

(iv) On any frequency removed from
the center of the authorized band
width by a displacement frequency
greater than 15 kHz: At least 50 plus
10 10g.0(P) or 70 decibels, whichever is
the lesser attenuation.

(4) When using transmissions em
ployini dlrital modulation techniques
on the 900 MHz multiple address fre
Quencies with a bandwidth greater
than 12.5 kHz. the power of any emis
sion shall be attenuated below the un·
modulated carrier power of the trans·
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of 1t34. as amend~d. 4'7 U.s.C. 4W. 301 and
303<r»

[40 FR 20928. Ma)' 13. 1975]

EDITORIAL NOTE: For F'EDEJlU REGISTEJI ci
tations affecUn, 194.71. s~ the List of CFR
sections Affected in the FindinK Aids sec
tion of this volume.

19-1.73 Power limitations.

(a) On any authorized frequency,
the a"erare power delivered to an an·
tenna in this service shall be the mini·
mum amount of power necessary to
carry out the communications desired.

Application of thLc; principle shall in·
clude. but not limited to requirini a 11·
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§ 9.U5 Antenna limitation.,
(a) Except where omnidirectional

operation is specifically provided for
under this part, each station in this
service shall employ directional anten·
nas with the center of the major lobe
of radiation directed toward the reo
ceiving station with Which it communi·

cates or. if the path employs a passive
reJ)f'ater. to the center of that reflec·
tor,

(b) Directional antennas shall ml:!et
the performance standards <for paral·
leI polarization) indicated In the fol·
lowing table:

ANTENNA STANDARDS

NA ."" 1
lilA I " .
"'A .""
..." I,,·,·,·..
NA I 121

"'A I 51
"'A 26
"'A I 21 I

1•.0
20.0
14.0
20.0

5.0
8.0
1.5
2.0

! Muimum i MlIIIlllum rlcltaltQn ~SllOn 10 a. ,nI beam- ' : cM9'"' lfO/!I cen,....... of maIM beam on
i ' wi<Ilh 10 I 'iI"_m I cIeCIllels
'C.~I! ~~s : antenna I I i i I
! , (Incluclecl I gIIn (dB,) : 5' 10', 10' IS' 20" 30' I 100' I '.0'

10,10 10110'10 1 10
i angle in 10' I 15' I 20' 30': 100' , 1.0' I, 110'__) I

I

Frequency (MHzl

USO 102.500 2."

10.5501010.565 ."".... ............. " .......... A 3.• ~.O 20· 2. 2. 32 n

al
55

B 3.• ~Ol :1 2. 2. 32; 35 3.
10.565 10 10.815'., "'A 3eO "'A "'A NA NA' NA I NA
10.815 10 10.530".. ..... "",··"",,1 A 3.• ~O 20 2. 281 32 35 55 55

I B 3,. ~.O ' 20 2·1 2. 32 35 35 3t
10.8301010,680 ' ... ........... -, """"·,,,,·1 NA

"'A I ~.O 20 2. 28 32 n 311 31
12.200 to 13.250 • .... ............. ............

'1
A 1.0 NA 23

51
35 38 .1 .2 50

B 2.0 NA 20 28 30 32 37 .7
17.700 10 ".700' .............. .: ...:.........J A "'A 38.0 25 33 31 .2 55 5$

B NA 380 20 21 32 35 3& 3&
21.200 10 23.600 a" ... , ...... A NA 38.0 25 =1 33 36 .2 55 55

B "'A 38.0 20 28 32 35 31 31
31.000 10 31.300' '"" ............. "'A .0 380 NA "'A sl

N"

~!
NA NA

27.500 10 29.500" ". ......................... ...... A NA 31.0 25 29 31 55 55
B NA 38.0 20 2. 32 35 38 38

38.600 10 .0.000.... ""." .."......................... A NA 38.0 25 29 3& .2 55 55
B NIl 38,0 20 2. 28 i 32 35 i 3& 38

&.525 10 &.875

1132.510.35 ..
"1.5 to "4" ". .." " """.
952 10 9l5O I '.. .. " .. " " ".

I exeepl for frequenaet ~eel on t ".l5(aH II. wNre omnidir«:1IOM8I ....-. may be uMd.
2 except tor 2.150-2.110 MHz. wNre the _ IlMmwidllI II 310~
• exeept as prOV1Clecl tor in I*agrllllh (I'll of Illts lIClIOn.
• An'enna. used a' outlying stationl .. pelt of a CMtrai protectiOn Ilarm syatam need c:ontorm 10 only ..... toItow"'I 2

standardt: (1) Tile monimufII on-lIMm lolward gain muat be alleut 10 dBi. and (2) ... minomullI fIOnI·bt*lk .. mull be at
t.ut 20 dB.

a bOlllt .. provicled irl L....,
• eXOIIlI lor lemporl/Y· eel operationI on the band 13200 MHz-1325O MHz wittl outpul~ .... then 250 rnW and ..

prOVlCleCl ,n t ;.90,
, Tile """.mum tronl·tOobec:k retiO .....11 be 38 dBi.
• Motlole. axeept _oneUlieal motloIe. statiOns need not eomply ""'" tI\eM s..ndatdl.
• exeepl for suc:h enlennal be_ 140' and 180' aulhOnZeel or penchng on Jenuary 1. 1I1ll. lor WI\idl monomum radlallOn

-.,ppre_ '0 angle (,n lIeQr"') Irom eentatIIne o! 1'/1IIII bNm II 3& cIec:lbeI•.

NOTE: Stations in thia service must employ
an antenna that meets the performance
standards for Cateeory A, except that, In
areas not subject to frequency con,estlon
antennas meeting standards for Cateeory B
may be employed. Note, however, that the
Commission may require the use of a hleh
performance antenna where Interference
problems can be resolved by thp use of such
antennas.

(C) Applicants shall request, and au
thorization for stations in this service
will specify, the polarization of each
transmitted silt\al. When periscope
antenna systems or passive repeaters
are employed. the applicant shallindi
cate the expected polarization of the
reflected sil~nal. The polarization
should be expressed as either horizon
tal. vertical, or at an anIle from verti-
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cal. Antenna polarizations of horizon·
tal and vertical should be denoted b~'

the abbreviations (H) and (V), respec·
tively. For antennas usini linear polar·
izations other than horizontal or verti·
cal. the polarization should be stated
in decrees measured from the '..erticaI.
with anlles between O' and ~ 90' de·
noUni the on·cominl electric field
vector displacement in a counterclock·
wise direction. and angles between 0'
and - 90' denotinc the on comine elec·
tric field vector displacement in a
clockwise direction. In the event polar·
izatlon diversity is authorized, the two
polarizations must be separated by 90'.
Antennas empJo~'lne other than lin·
early polarized feed systems ""ill not
be authorized except for stations uti·
lizing frequencies listed in , 94.65(a)(1)
or under the provisions of 1 94.91W.

(d) New periscope antenna systems
w111 be authorized upon a certification
that the radiation. in a horizontal
plane, from an Uluminatine antenna
and reflector combination meets or ex·
ceeds the antenna standards of this
section and. at locations where multi·
pIe periscope antennas are employed,
that the cross·couplinl between perl·
scope antennas is suppressed by an
amount equal to or areater than the
radiation suppression specified in the
standards for Iniles from the main
beam of 140-180' for the particular
band and antenna catelOT)' selected.
In no event will periscope antennas be
authorized in frequency bands shared
with common carriers.

(e) The provtaions of paraiTaphs (a)
and (c) of this section shall also apply
to passive repeaters employed to redi·
rect or repeat the sianal from a sta·
tion's directional antenna system.

(f) Periscope antennas used at an
electric power facility plant area will
be excluded from the requirements of
paraaraphs (b) and (d) of this section
on a case·by·cue basis where technical
considerationa preclude the use of
other types of antenna systems.

(I) For frequencies listed in
I 94.65(a)(1), the maximum beam·
width may be 360 delnes. The provi·
sions of paracraph (b) of thiS section
shall not apply to stations licensed on
these frequencies where omnidirec·
tlonal antennas are used.

(h) Antenna standards for point·to·
multipoint channels in the JO.6 GHz
and 18 GHz bands excluding oper·
ations under I 94.88.

(1) Nodal transmitting antennas may
be omnidirectional or directional, can·
sistent with CO\'erage and interference
requirements.

(2) The use of horizontal or vertical
plane wave polarization. or riiht hand
or left hand rotating elliptical polar·
ization must be used to minimize
harmful interference between stations.

(3) Dirf'ctive antennas shall be used
at aU user stations and shall be elevat·
ed no hilher than necessary to assure
adequate service. The user station an·
tennas shall meet the performance
standards as spectlied in § 21.208(c) of
this chapter and have a minimum
pOwer I'ain of 34 dBi in the 10,550
10,680 MHz band and 38 dBi in the
17.700-19,700 MHz band. User antenna
heiihts shall not exceed the height
criteria of part 17 of this chapter.
unless authorization for use of a spe·
cific maximum antenna height (above
eround and above sea level) for each
location has been obtained from the
Commission prior to the erection of
the antenna. Requests for such au·
thorization shall show the inclusive
dates of the proposed operation. (See
part 17 of this chapter concernine the
construction, markini and lightini of
antenna structures).
(S~r.s. 4, 303. 48 Stat.. as am~nded. 1066.
10112,1083 (4'7 U.S.C. 154; 303. 307)
ltO FIt 2Ot28. May 13. 19'15. as amend~d at
40 FR 5339'7. Nov. 18. 19'15: 45 FR 55'134.
Aug. 21, 1980; 46 FR 9955. Jan. 30. 1981: 54
FR 1M2. Jan. 18. 1989; 54 FR 10331. Mar.
13, 1989: liS FR 9730, Mar. 15. 1990: 56 FR
5'1822, Nov. 14. 1191]

• 9~.77 Interferenee to leoltationary...tel.
IItea.

These limitations are necessary to
minimize the probability of harmful
interference to reception in the bands
2655-2690 MHz, 6425-8875 MHz. and
12.7-12.75 GHz on board ,eostation
ary·space stations in the fixed·satellite
service (part 25>. Stations authorized
prior to July I, 1976 in the band 2655
2890 MHz. which exceed the power
levels in paraaraphs (a) and (b) of this
section are permitted to operate in·
definitely. prOVided that the oper·



ations of such stations does not res..alt
in harmful interference to reception in
these band on board ,eostationary
space stations.

(a) 26';5 to 2690 MHz and 6425 to
6875 MHz. No directional transmittin,
antenna utilized by a fixed station op
erating in these bands shall be aimed
...:ithin 2 degrees of the ieostationary·
satellite orbit. taking into account at
mospheric refraction. However. excep
tion ma~' be made in unusual circum
stances upon a showina that there is
no reasonable alternative to the trans
mission path proposed. If there is no
evidencE' that such exception would
cause possible harmful interference to
an authorized satellite system, said
transmission path may be authorized
on waiver basis where the maximum
value of the equivalent isotropically
radiated power (EIRP> does not
exceed:

(1) -47 dBW for any antenna beam
directed within 0.5 degrees of the sta
tionary satellite orbit or (2) +47 to
... 55 dBW. on a linear decibel scale (8
dB per deiree) for any antenna beam
directed between 0.5 degrees and 1.5
degrees of the stationary orbit.

(b) 12.7 to 12.75 GHz. No directional
transmitting antenna utilized by a
fixed station operating in this band
sh&.ll be aimed within 1.5 degrees of
the geostationary-satellite orbit.
taking into account atmospheric re
fraction. However. exception may be
made in unusual circumstances upon a
showing that there is no reasonable 1.1
ternati"'e to the transmission path pro
posed. If there is no evidence that
such exception would cause possible
harmful interference to an authorized
satellite system. said transmission
path may be authorized on waiver
basis where the maximum value of the
equivalent isotropically radiated
power (EIRP) does not exceed +45
dBW for any antenna beam directed
within 1.5 degrees of the stationary
satt!llite orbit.

(c) Methods for calculating the azi·
muths to be .,,·oided may be found in:
CCIR Report No. 393 (Green Books).
New Delhi. 1970: in "Radio-Relay An·
tenna Pointing for controlled Interfer·
ence With Geostationary·Satellites"
by C. W. Lundgren and A. S. May. Bell
SJlstem Technical Journal. Vol. 48. No.

10. pp. 3387-3422. December 1969: and
in "Geostationary Orbit Avoidance
Computer Proanm" by Richard G.
Gould. Common Carrier Bureau
Report CC-7201. FCC, Washin,ton.
DC. 1972. This latter report is avail
able throuih the National Technical
Information St:n·ict'. U.S. DE'partment
of Commerce. Springfield. VA 22151,
in printed form (PB-211 500) or source
card deck (PB-211 501).
[52 FR 7147. Mar. 9. 1987)

§ 9.&.79 lIinimum path lengths for fixed
links.

(a) The distance between end points
of a fixed link must equal or exceed
the value set forth in the table below
or the EIRP must be reduced in ac
cordance with the equation set forth
below.

.'I1i,limum
path
l~ngth

lkm)

Fr~Qu~ncr band IMHz}:
~low J.8S0.......................................... NIA
1.8S0 to 2.110........................................ 17
6.42S to 7.125 17
12.200 to 13.250.................................... S
Abo\'~ 17.700......................................... N/A

(b) For paths shorter than those
specified in the Table. the EIRP shall
not exceed the value derived from the
following equation.
EIRP=30-20 log[A/Bl, dBW
Where:
EIRP=equi\'alent isotropic radiated po"..er

indBW.
A=Mlnlmum path length from the Table

for the frequenc)' band in kilometers.
B=The actual path length in kilometers.

(c) Upon an appropriate technical
showing. applicants and licensees
unable to meet the minimum path
lenlth requirement may be Iranted an
exception to these requirements.

[NoTE.-Llnks authorized prior to April 1.
1987. need not comply with this I'equlre
menU
[52 FR 7147. Mar. 9. 19871



• 94.94 )Iicrowa"e dilltel modulation.
Microwave transmitters employini

dil1tal modulation techniques in the
bands 10,550-10.680 and 17,700-19,700
14Hz shall transmit at bit rate. in bits
per second <bps>, equal to or treater
than the authorized band~1dth in
Hertz (e.,., to be acceptable. equip
ment transmittinl at a 20 Mbps rate
must not require an authorized band
width greater than 2014Hz). In the
17.700-19,700 14Hz band, this bps/Hz
standard is independent of the anten·
na <polarization) used. frequency
reuse. or how the system is confiiured.

NOTE: Until December 1. 1988, no mini·
mum bit rate shall apply to the 17.700
19.700 MHz band. Systems authorized prior
to that date may install equipment after
that date with no minimum bit rate.

(Sees. 4W. 301 and 303(r). Federal Commu
nications Act of 1934, as amended, 47 U.S.C.
4(1l. 301 and 303<r)
[49 FR 37782. Sept. 26, 1984)


